The possibility of a description of the fundamental interactions of physics, including gravitation, based upon the assumption of 6 real extra dimensions is presented. The usual 4-dimension space-time, a curved surface with the Lorentz group as local symmetry, is embedded in a larger flat 10-dimension space. Through a fundamental assumption about the geometry of the orthogonal 6-d space in every point of the 4-d surface, there are two possibilities for classifying the physical states, corresponding to two types of particles: 1) hadrons, experiencing a gauge field associated to a real symmetry group G H (6), isomorphous to SU(3), which is identified with the strong interaction, and 2) leptons experiencing another gauge field associated with a real symmetry group G L (6), isomorphous to SU(2) × U(1) but different from the usual electroweak coupling. In addition, both hadrons and leptons are subject to weak and electromagnetic interactions plus a scalar BEH-like coupling, with the respective real symmetries SO(3), SO(2), SO(1), isomorphous to SU(2), U(1), I(1). This description can be extended so as to include gravitation; postulating a minimal Lagrangian in the full 10-d space, the equations of motion are derived. They imply the existence of a set of additional vector-type fields which do not act the same way upon hadrons and leptons, thus inducing a violation of the equivalence principle.
INTRODUCTION
Astrophysics and particle physics tend to join together through various problems linked to the unification of the fundamental interactions of nature and the specificity of gravity with respect to the other interactions, with the ultimate goal to elaborate a new physics beyond General Relativity and the Standard Model of particle physics. The Standard Model which unifies the weak/electromagnetic/strong interactions in a single frame is based upon the common character of those interactions, a quantum field theory description of gauge symmetries within the 4-dimension space-time of special relativity. Gravitation is independently described by General Relativity, a metric theory connecting the geometry of space-time with the density of impulsion-energy. Nuclei, atoms and molecules are described by quantum theory, whereas the universe at large scale is described by General Relativity. Now in spite of its successes, General Relativity cannot be the ultimate description of gravity as it exhibits an embarrassing singularity at t = 0 and does not take into account the quantum effects, predominant in the primordial universe and at very small scales; moreover the significance of the cosmological constant Λ is unclear. On the other hand the Standard Model accounts for the bestiary of fields and particles of ordinary matter but cannot be extended so as to include gravitation which cannot be handled through the renormalization procedures of quantum field theory. The minimal coupling between gravitation and particle physics is made by replacing, whenever needed, the pseudo Euclidean Minkowski metrics µν η of special relativity by the µν g metrics which expresses the curvature of space-time by its material content.
Extra dimensions in addition to the usual 4 dimensions of space-time are a common ingredient of the theoretical attempts aiming at combining gravitation with the other interactions [1] [2] [3] [4] [5] . Historically, the Kaluza-Klein approach in the 1920's assumes a 5 th dimension, which is enough to account for the tensor field of gravitation and for the vector field of electromagnetism. In addition, it predicts an extra scalar field and it is a common feature of unification theories to predict the existence of additional fields and particles. However, the later evidence of weak and strong interactions has shown that the original KaluzaKlein model was not sufficient for a comprehensive description of the fundamental interactions. The idea of introducing additional dimensions in order to account for all the known fundamental interactions including gravitation has flourished from the 1980's, e.g. with the string theories which require at least 10 dimensions to be consistent [6] .
According to certain models, the size of those extra dimensions is very small, of the order of Planck's length (10 −35 m). The common image is that of a plain seen from the top of a hill: if the hill is high enough, the height of the grass is not perceived by the eye and the plain seems to be a 2-dimension domain. The extra dimensions are supposed to be compactified and wrapped so that they are hidden to us. According to other works, they could be much larger, up to 0.1 mm [7] . However, it is not sure that the question of the size of those dimensions is really meaningful. We experience space and time with our senses or through our instruments but the way we perceive space and time is quite different. For instance, the smallest distance we can perceive with our eyes is of the order of 0.1 mm, and the smallest time interval we can feel is about 0.04 s (the interval between two images in a movie). If we convert those 0.04 s into length (x = ct) we get 12,000 km, 11 orders of magnitude larger than 0.1 mm. In the same manner as space and time are differently perceived and cannot be compared via that this type of conversion, the 6 extra dimensions might be of another nature than usual space or time; nevertheless we actually feel those extra dimensions in as much as "the fundamental interactions of particle physics" can be interpreted as the manifestations in our usual world of the geometry of the extra dimensions. If this is correct, we suggest that the connection between those 6 extra dimensions and the 3 usual dimensions of space involves a new physical constant, like the speed of light connecting space and time, which may be different from the gravitation constant which appears in Planck's length.
The goal of this paper, essentially a phenomenological approach, is to show the possibility, through a relatively simple mathematical apparatus, that a few basic assumptions on the geometrical properties of a 10-dimension space-time allow deriving the main features of the fundamental interactions: types and symmetries of the particles (hadrons and leptons), types and symmetries of the gauge fields. Moreover, this description, combined with gravitation and with the postulate of a minimal Lagrangian, predicts the existence of additional fields resulting from the coupling of gravitation with the other force fields; those hypothetical extra fields do not act the same way upon hadrons and leptons, thus inducing a violation of the equivalence principle.
THE 10-DIMENSION SPACE-TIME
The experimental confirmations of General Relativity lead us to acknowledge that, at least at a macroscopic scale, the geometry of space-time is that of a 4-dimension curved surface ( ) x x c t x y z µ ν µν = − + + + η [8] . The effect of the local curvature of the surface can be interpreted on ( )
as resulting from a force field which is identified with gravitation.
is a 6-dimension space. A priori we do not know anything about the metrics of this space but we will hereafter assume that ( )
is a flat space invariant under a symmetry group which conserves the true Euclidian norm ( )
notes a set of 6 orthonormal coordinates, i.e. it is the orthogonal group
or one of its subgroups. We restrict ourselves to the special orthogonal group ( ) 6 SO as we will see later on that the transformation i i ξ ξ → − with i ranging from 1 to 6, equivalent in the "internal" space ( )
to what parity and time reversal represent in the "orbital space" ( )
, expresses the charge conjugation.
The uncertainty principle implies that the physical states are not restricted to ( ) In the following section, gravitation will be assumed to be decoupled from the other interactions; it will be introduced in a later section.
HADRONS AND LEPTONS

Fundamental Assumption
We will henceforth consider the subgroups of ( )
In the base { } i ξ any infinitesimal transformation of ( )
6
SO
can be written as [9] ( ) 6 6 with
M is a fully antisymmetric real 6 × 6 matrix, ′ A and ′′ A are two antisymmetric 3 × 3 matrices, B is a 3 × 3 matrix and B  denotes the transposed matrix of B ; 
where 0 1 1 0 
generate an invariant subgroup of ( ) We here make the following fundamental assumption: only the invariant subgroups of ( ) 6 
can be symmetry groups for the extension of the physical states in ( )
. In other words, M shall be of the form
As a consequence only the pair of subgoups ( )
is relevant to characterize the physical states, which accordingly can be classified after the irreducible representations of ( ) 
Hadrons
Agauge field identified with the strong interaction can be associated to the symmetry group ( ) 
ONE STEP BEYOND
Weak Interaction
Since a 3-dimension hyper surface can be embedded within a 6-dimension flat space, let us consider inside ( ) 
SO
. Actually, the choice of N has no effect on what follows as all the points on ( ) 
SU
, and it is identified with the weak interaction [11] . It may lift the degeneracy of the multiplets associated to the irreducible representations of ( )
SO
has three infinitesimal generators which subtend a 3-dimensional representation
, the weak interaction is mediated through a triplet of neutral massless vector fields.
Electromagnetic and BEH Interaction
The orthogonal space ( )
SO
. Since a 2-dimension surface can be embedded within a 3-dimension flat space, let us consider within ( )
in any point P of ( )
. Actually, the choice of P has no effect on what follows as all the points on ( ) 
is a 1-dimension space whose only symmetry is ( )
the trivial identity ( ) 1 I ; that can be interpreted as featuring an additional scalar field. As a consequence, both hadrons and leptons can experience a same scalar interaction mediated through a particle which can be identified with the BEH boson.
Consequences
To summarize, in every point M of the 4d-space-time
there is a local extra 6d Euclidian space ( ) 
are orthogonal subgroups of ( )
3
SO
, the BEH boson has no electric charge and the photon has no mass. Due to the effect of the electromagnetic field on the one hand, and of the BEH field on the other hand, the fundamental representation { } ± particles. The same mechanism confers an electric charge and a mass to hadrons and leptons.
We have thus evidenced 3 interactions common to both hadrons and leptons and which can be identified with the weak, elecromagnetic and BEH interactions. Finally we have one scalar coupling and a set of fields respectively mediated through 8 [13] that a Kaluza-Klein-type theory consistent with the Standard Model requires 11 dimensions, with 7 additional compactified dimensions. Now, that pseudo electro-weak interaction superposed to the usual electro-weak interaction which has the same symmetry is presumably very weak.
If the "orbital" degrees of freedom are taken into account, the resulting states of fields and particles will be classified according to the irreducible representations of ( ) ( ) 
THE GRAVITATION FIELD
We now consider again the original 10-dimensional space ( ) 
with µ ranging from 0 to 3, where
G is a tensor quantity featuring the local geometry of ( )
is thus changed into
There is some flexibility in the determination of the ν µ G 's which allows to impose the 4 conditions
We will now see how this can be extended if the 4-dimension surface is supposed to be embedded in the full 10-dimension flat space-time. In the previous sections, we had separately assumed the conservation of the pseudo Euclidian norm 
Now taking into account the local character of the symmetries with respect to the reference frame { } 1  2  3  4  5  6 , , , , , , , , , ct x y z ξ ξ ξ ξ ξ ξ attached to the point M of ( ) 4 
Σ
, we extend to
what has been done above with the Lorentz invariance in the case of a 4-dimension space-time. The transformation Equation (7) readily becomes
And the Lagrangian Equation (11) is changed into †
where we have introduced the effective 10 × 10 metric tensor 
The equation of evolution Equation (18) 
That expression means that the only accessible physical states are those whose measure is null in 
, , , , , , , , , , , ct x y z ct x y z ξ ξ ξ ξ
With the expressions Equation (23) for g and Equation (24) for Θ , the equation of evolution becomes ( ) ( ) 1 6 , , , 
